A b s t r a c t Objective: The aim of this study was to determine characteristics of drug allergy alert overrides, assess how often they lead to preventable adverse drug events (ADEs), and suggest methods for improving the allergyalerting system. Design: Chart review was performed on a stratified random subset of all allergy alerts occurring during a 3-month period (August through October 2002) at a large academic hospital.
Computerized physician order entry (CPOE) has gained recognition as a key tool that health care organizations can implement to improve patient safety. [1] [2] [3] Increasing evidence shows that CPOE can reduce the frequency of medication errors in the inpatient setting. [4] [5] [6] [7] [8] [9] [10] Many of the beneficial effects of CPOE result from integrated decision support tools, including suggestions regarding appropriate drug dosing, and real-time alerting for drug-drug interactions and drug allergies. 11 Drug allergy alerting represents a particularly important part of decision support. 5, 12, 13 Even though only about 20% of patients react when they receive medications to which they have ''known allergies,'' the reactions can be devastating when they occur.
14 It should be possible to develop tools to warn providers reliably when the patient has had a prior reaction to a medication, whether an allergy (immune-mediated type I hypersensitivity reaction), or a sensitivity (adverse drug reaction that is non-immune-mediated, e.g., nausea or diarrhea). In CPOE applications that maintain patients' medication and allergy lists, ordered drugs can be checked against the patient's allergy list, and decision support can generate alerts that warn the physician of a possible allergy to the ordered drug. Physicians can either accept or override these alerts.
The challenge of ensuring that allergy alerting functions well stems from a number of factors. Maintaining accurate allergy lists can be difficult because there may not be clear distinctions between allergies and sensitivities, and there is no general consensus on whether both should be included in allergy lists. In addition, neither the specificity of alerting algorithms nor the relative effectiveness of different methods of alerting (e.g., alerts that interrupt workflow vs. those that display information, but do not interrupt) has been elucidated fully. A study by Abookire et al. 16 found that nearly 80% of drug allergy alerts at Brigham and Women's Hospital were overridden by physicians, and Payne et al. 17 found a 69% override rate at the Veterans Administration Puget Sound Health Care System in Seattle, WA. One reason cited for these high override rates was highly inclusive drug-class and drug cross-reactivity mapping, which generated a large number of allergy alerts for drugs with only slight potential to cause an allergic reaction (e.g., furosemide ordered in the context of an allergy to sulfa antibiotics). Policies requiring physicians to renew certain drugs for the same patient multiple times, causing many redundant alerts to be generated, also were cited. However, neither of these studies addressed the clinical consequences of allergy alerts that were overridden, such as adverse drug events (ADEs).
An excess of allergy alerts with low predictive value for allergic drug reactions and of alerts that are potentially inaccurate because of inconsistent information in the medical record, has the potential to erode physicians' faith in allergy alerts and to increase the likelihood that alerts containing important information will be ignored. 15 However, failing to warn could also have deleterious consequences. Continuous quality improvement to ensure appropriate alerting is critical for continued efficacy and acceptance of CPOE decision support. Therefore, our goals were: (1) to characterize overridden drug allergy alerts in more detail; (2) to assess how often overriding allergy alerts leads to preventable ADEs in the inpatient setting; and (3) to suggest methods for improving drug allergy alerting systems.
Methods

Site
Brigham and Women's Hospital (BWH) is a 709-bed academic medical center that implemented CPOE beginning in 1993. At BWH, all inpatient orders are entered into the computer; approximately 85% are entered by physicians, and the remainder are entered by nurses, physician assistants, and students, and later cosigned by physicians. 18 The CPOE application ensures the legibility and completeness of all medication orders by providing clinicians with a coded dictionary of medication names, default doses, and lists of commonly used doses. The CPOE application includes clinical decision-support features that generate alerts and reminders, including drug duplication checking, drug-drug interaction checking, drug-laboratory checking, renal dosing suggestions, and drug allergy checking. 5, 11, 19 All patients admitted to BWH have drug allergies and sensitivities entered by the admitting physician into the CPOE database via standard admission order sets that require this information (Fig. 1) . The allergy documentation screen consists of a list of the 15 most commonly occurring drug allergies, which can be selected by clicking a checkbox. If the clinician wishes to document an allergy for the patient that is not on the checkbox screen, a look-up function is provided that attempts to match the entered text with a coded list of medications, medication classes, and ingredients; free text may be entered if there is no coded match. Coded allergies are stored in the patient database as an ingredient or list of ingredients. 15 The reaction (e.g., rash, anaphylaxis) is captured as free text.
When medications are ordered by clinicians in the CPOE system, the orders are electronically compared with the patient's allergy list. A commercial knowledge base (First DataBank, San Bruno, CA) that uses class-based hierarchical ingredient knowledge (e.g., ampicillin is a penicillin) as well as cross-reactivity mapping (e.g., penicillins crossreact with cephalosporins) is checked to determine whether the drug ordered has a potential interaction with an item on the patient's allergy list. If so, the application generates an on-screen allergy alert (Fig. 2) . The alert informs the clinician whether the alert is due to an exact or class-based match with the allergy list (''definite allergy''), or is the result of a cross-reaction (''possible allergy'') and displays the patient's previously documented reaction to the drug. The clinician can either discontinue the order or continue with the medication order by overriding the alert, which requires entering a free-text (uncoded) reason for the override action. The clinicians' reasons for overriding allergy alerts are attached to medication orders so that pharmacists and nurses can consider them when double-checking the orders for drug allergies and drug-drug interactions before dispensing and administration-important actions for ensuring medication safety. If a patient is readmitted to the hospital at a later date, the allergy list from any prior admission is displayed to the physician for reapproval.
Even though in the inpatient setting, allergies may be documented using CPOE applications, clinicians (especially nonphysicians) also document allergies in various locations in the patient's paper medical record. Examples of places in the paper record where allergies may be documented include admission notes, progress notes, the medication administration record, operative notes, nursing forms, consult sheets, and discharge documents.
Subjects
We identified all patients admitted to Brigham and Women's Hospital during a three-month period (August through October 2002) who had at least one drug-allergy alert during their admission. We analyzed the first overridden alert within each patient admission. Because a large fraction of alerts was found previously to be triggered by two categories of drugs (diuretics containing a sulfur moiety and narcotics), 16 we selected a stratified random subset of patients for detailed analysis of consequences of overrides. Our goal was to analyze approximately 100 patients for each of three categories-sulfur-containing diuretics, narcotics, and all other drug classes combined. In the stratified sample, the first overridden medication that was administered to the patient was analyzed. 
Data Collection
For each of the overridden alerts, we used data from the computerized physician order entry application to determine the category of drug ordered, the category of override reason entered by the physician, and the combinations of drug ordered and drug on the allergy list (drug/allergy combinations) that triggered the alerts. Three conditions were considered ''exact matches'' between drug/allergy pairs: (1) the drug ordered and allergy listed were identical (e.g., aspirin ordered in the context of an allergy to aspirin); (2) the allergy listed was a drug category that included the ordered drug (e.g., ampicillin ordered in the context of an allergy to ''penicillins''); or (3) the drug ordered and allergy listed shared common ingredients (e.g., acetaminophen1codeine ordered in the context of sensitivity to acetaminophen1oxycodone, since both of these medications contain acetaminophen). In the absence of common ingredients, a narcotic ordered in the context of a listed sensitivity to a different narcotic was considered a nonexact match.
For the stratified random sample, nurse reviewers performed complete chart reviews using a standardized data collection tool and reviewed progress notes, CPOE records, medication administration records, nursing notes/forms, and any other documentation. Information collected included: (1) details of the drug order, allergy alert, and override; (2) documentation of the patient's allergy history in the paper chart; (3) information about the drug (e.g., number of times the patient received the drug and whether the patient was taking the drug at home before the admission); and (4) whether there was any evidence that the patient experienced a possible ADE (defined as an injury resulting from medical intervention related to a drug 20 ) related to administration of the alerted drug. Possible ADEs identified were classified as significant (such as rash or diarrhea), severe (such as gastrointestinal bleed), or life threatening (such as anaphylaxis). 21 Both the order entry system and paper charts were used as data sources. Information on patient outcomes was collected from the date that the first overridden drug was administered through the fifth hospital day or until discharge, whichever came first. ''Other''). When the override reason given was that the patient did not have the allergy or tolerated the drug, the reviewer documented whether the drug was subsequently removed from the allergy list in the patient's electronic medical record.
The 22 possible ADEs discovered by the nurse reviewers were evaluated by a panel of two physician reviewers who independently rated the degree of confidence that the event was a true ADE and that it was caused by the overridden drug. 22 Confidence about the classification of events was rated on a six-point scale: (1) little or no evidence, (2) slight-to-modest evidence, (3) less than 50% evidence but close call, (4) more than 50% evidence but close call, (5) strong evidence, or (6) virtually certain evidence. Events with confidence scores of 4 or higher were considered ADEs related to the alerted drug. All such ADEs were rated on a previously described severity scoring system as ''significant,'' ''serious,'' ''life threatening,'' or ''fatal.'' 20 Nausea and vomiting of greater than 2 days' duration was considered severe. Preventability of each ADE was rated on a four-point scale (definitely preventable, probably preventable, probably not preventable, definitely not preventable). Preventability ratings took into account whether the physician's override action appeared clinically justifiable based on information from chart review. Differences between the two reviewers' judgments about the classification of events were resolved by discussion. The kappa statistic for interrater agreement on the presence of an ADE was high (0.78).
Statistical Analysis
Student's t-test was used to make comparisons between normally distributed variables (age, number of allergies in paper chart, and number of medical problems in chart), and the x 2 test was used to compare categorical variables (sex, race/ethnic group, and whether the patient was already taking the alerted medication). All reported p-values were based on unpaired, two-tailed tests of significance. Analyses were performed using SAS statistical software 23 and Microsoft Access 2000.
Results
Characteristics of the Study Population
There were 10,277 admissions to BWH during the threemonth study period, and a total of 7,761 drug allergy alerts were triggered for 1,608 patients (16% of admissions). Alerts were overridden in 80% (6,182) of the orders in 1,150 patients (72%). From these patients, we selected a stratified random subset of 347 (30% of 1,150) patients for further evaluation. Three patients (1%) were excluded because the alerted medication was ordered as part of a drug-desensitization protocol, and 24 (7%) were excluded because they never actually received the overridden drug, leaving 320 patients (92% of 347) for full chart review. Characteristics of patients in the stratified random subset did not differ significantly from those of the full sample (Table 1) . 
Allergy Alerts and Override Reasons
In the full sample of 1,150 overridden alerts, the drug classes that most frequently generated alerts were narcotics (444, 39%) and cephalosporins (247, 21%). The remaining overrides were for sulfur-containing drugs (145, 13%), nonsteroidal anti-inflammatory drugs (NSAIDs) (125, 11%), other antibiotics (47, 4%), and other miscellaneous drugs (142, 12%).
Only 120 (10%) of the 1,150 overridden allergy alerts were triggered by an exact match between the ordered drug and the drug on the allergy list (Table 2) . Thus, 90% of overridden alerts were triggered by nonexact drug/allergy matches, in which the drug and allergy had structural similarities or were in the same family but were not identical. For example, in the 444 orders for noncodeine narcotics, a listing of codeine in the patient's allergy list accounted for 194 (44%) of the alerts. A documented allergy to ''penicillins,'' or to a specific penicillin, was associated with 235 (95%) of 247 allergy alerts during orders for cephalosporin antibiotics.
The most frequent reasons given by physicians for overriding alerts in the full sample included ''Aware/Will monitor'' (55%), ''Patient does not have this allergy/Tolerates'' (33%), and ''Patient taking already'' (10%; Table 3 ). The frequency of specific override reasons was similar in the stratified random subset.
Adverse Drug Events
Of the 320 patients' charts reviewed in detail, there were 22 possible ADEs related to the alerted drug identified by nurse reviewers. Of these, 19 (6% of 320) were confirmed by the two-physician panel as ADEs (Table 4) . Ten (53%) of the ADEs were considered significant, and 9 (47%) were serious (Appendix 1). None of the events was life-threatening or fatal. Sixteen (84%) of the ADEs were due to narcotics, and there was one event (5%) each due to a sulfur-containing diuretic, a cephalosporin antibiotic, and insulin.
The majority (12, 63%) of ADEs were gastrointestinal, with symptoms of nausea or vomiting; these were all owing to narcotics. Three ADEs (16%) were allergic events with cutaneous manifestations (hives, erythema, itchiness); these were due to hydromorphone and morphine. Additionally, there was one case (5%) each of hypotension, elevated creatinine, jaw swelling, and hypoglycemia.
The majority of ADEs (18, 95%) resulted from override of a nonexact match alert. All 19 ADEs were deemed nonpreventable, because in each case, the reviewers agreed that it was clinically justifiable for the physician to have overridden the alert, because the clinical need for the drug outweighed the risk of a serious allergic reaction.
Univariate analyses of patient characteristics found that age was the only significant correlate of an ADE (p = 0.005; Table 1 ). Patients with ADEs tended to be younger than those without ADEs, likely because patients on narcotics were younger, and narcotics were the most common class of medication involved in ADEs. There were trends toward lower risk of ADE in patients who were male (p = 0.06) and in patients who were already taking the alerted medication at home before admission (p = 0.09).
Allergy Documentation
Using each patient's total number of unique drug allergies listed in the electronic and paper medical records as the denominator, we assessed the completeness of allergy documentation in various components of patients' paper charts by determining the average percentage of a patient's allergies documented on a particular type of form. Rates of drug allergy documentation varied widely by form, ranging from 72% to 22% (Fig. 3) . The mean rate of allergy documentation across all forms was 56.5%.
In 145 cases (45%) within the stratified random subset in which the physician's override reason was ''Patient does not have an allergy/Tolerates'' or ''Patient taking already,'' 12 (8%) were due to exact matches. In only two (17% of 12) of these cases did the physician subsequently update the allergy list by removing the drug that triggered the alert.
Discussion
The goals of this study were to evaluate the characteristics of overridden allergy alerts in the inpatient setting, analyze physicians' reasons for override, assess how often overrides lead to preventable ADEs, and use the lessons learned to recommend strategies to improve the clinical utility of drug allergy alerting.
The 80% override rate of drug allergy alerts in this study was similar to the override rate previously found in the same (20) 30 (24) 10 (21) 29 (20) 376 (33) Patient taking already 27 (6) 8 (3) 31 (21) 15 (12) 1 (2) 31 (22) 113 (10) Other 9 (2) 4 (2) 5 (3) 7 (6) 3 (6) 5 (4) 33 (3) Total (%)
444 (39) 247 (21) 145 (13) 125 (11) 47 (4) 142 (12) 1,150 (100%)
Percentages in normal type are calculated within columns (drug category). Percentage in bold type reflect percent of full sample (n = 1,150) hospital and CPOE system by Abookire et al. 16 and somewhat lower than the 91% override rate found at five adult primary care practices by Weingart et al. 24 In both of those studies, the high override rates were partly attributed to alerting protocols that generated alerts as long as the ordered drug was in the same family as a drug on the patient's allergy list. We also found that the majority (90%) of overrides occurred when the two drugs belonged to the same family but were not identical (for example, codeine and hydromorphone).
The current design of our allergy-alerting protocol uses a commercial medication knowledge base to create groupings of medications that may have similar allergenic properties. In many cases, the clinical relevance of the relationships is inferred from pharmacologic or structural similarity and not from clinical data. In these instances, the likelihood of a patient's suffering from an adverse consequence from the administration of a related drug is low (e.g., if a patient with codeine sensitivity takes morphine). As more clinical data are gathered, this information should be incorporated into allergy checking rule bases, but in the absence of such data, health care institutions will need to make their own decisions about whether to alert for medications that are nonexact matches to the documented allergy.
In this study, we found that when ''allergies'' to specific narcotics were documented in the patient's allergy list, nausea and vomiting were the most common reactions noted. In fact, symptoms such as nausea, vomiting, respiratory depression, and constipation are not true allergic reactions, but rather direct side effects of, or sensitivities to, the narcotics' pharmacologic activity. 25 Although allergic, anaphylactic, and anaphylactoid (pseudo-allergic, non-immune-mediated reaction resulting in basophil or mast cell activation and release of vasoactive mediators) reactions to narcotics have been reported, such reactions are rare. 26, 27 Furthermore, an individual patient's responses may be very different to various narcotics, and several different physiologic variables can affect a patient's sensitivity to narcotics at a given time. 27 Therefore, instead of frequently alerting about possible ''allergies'' to ordered narcotics whenever nonexact drug/allergy matches arise, we would recommend generating an alert only when the ordered drug is an exact match to (i.e., is identical to) the drug on the allergy list, and in the case of nonexact matches, to simply display the previously documented reaction in an informative but noninterruptive manner. Such noninterruptive alerts could advise increased monitoring or early use of premedications to attempt to ameliorate symptoms when they occur. In addition, better ways to differentiate true allergies from sensitivities when documenting ''allergy lists'' in CPOE should be explored.
The protocol for sulfa-allergy alerting can also be improved substantially. We found that when sulfonamide-containing diuretics, such as furosemide, were ordered, most allergy alerts were triggered by a documented allergy to ''sulfa''-a term that typically denotes sulfonamide antibiotic, such as sulfamethoxazole. However, the weight of evidence from chemical-structural and clinical studies strongly suggests that immunologic cross-reactivity between sulfonamide antibiotics and sulfonamide nonantibiotics (such as furosemide, hydrochlorothiazide, glyburide, and celecoxib) is unlikely and that patients with a history of allergic reaction to a sulfonamide antibiotic were no more likely to have a subsequent allergic reaction to a different sulfonamide than to a nonsulfonamide, F i g u r e 3. Allergy documentation in paper charts. such as penicillin.
28-32 Thus, we recommend that no allergy alert should be generated when clinicians order sulfonamide nonantibiotics in the context of a documented ''sulfa'' (sulfonamide antibiotic) allergy. Alternatively, any alerts that are generated should be noninterruptive and simply warn the clinician that the patient may have a generally increased propensity to developing allergic reactions.
We also examined the reasons given by physicians for overriding drug allergy alerts and the clinical consequences of such override actions. The fact that half of the override reasons were ''Aware/Will monitor'' reflects the complex calculus involved in the risk-benefit analysis of therapeutic decision making, particularly with nonexact match allergy alerts. Such decisions must weigh the need to treat with a particular drug (e.g., need for pain relief) against the likelihood, type, and severity of a possible adverse reaction (e.g., lifethreatening anaphylaxis vs. mild nausea). 25 Another common reason given was ''Patient does not have this allergy/Tolerates,'' accounting for nearly a third of overrides. The high incidence of this override reason suggests that physicians may often be using the patient's self-report or other information at the time of visit to determine if a patient will tolerate the medication. Other significant contributing factors to the use of this override option may be the infrequent updating of patients' allergy lists, resulting in many lists' being out of date or inaccurate, and the numerous locations where allergies are documented in the chart, often with little agreement. Improving the maintenance of patients' allergy lists could be accomplished by having clinicians select override reasons from a menu of choices; selection of reasons such as ''Patient does not have this allergy/Tolerates'' or ''Patient taking already'' from the menu would automatically prompt the clinician to remove the drug from the allergy list. Electronic medical records linked to CPOE could create the ability to maintain a single allergy list, rather than the numerous ones that exist today.
We feel it is reasonable to require input of the override reason, which enables pharmacists and nurses downstream in the medication order process to see not only that the ordering physician has considered the risk of drug allergy but also understand the reason why the physician felt it was safe to override the alert. Furthermore, modifying the override reason field so that physicians pick from a menu of choices enables automatic updating of the patient's allergy history-if the reason chosen is, for example, that the patient tolerates the drug well or is already taking the medication at home. Finally, the override reasons provide information that help us better understand why certain alerts are not accepted, and therefore to potentially modify the alerting strategy. This study shows the importance of analyzing override reasons as a quality improvement tool to improve alerting strategies, and organizations should consider making this part of their routine improvement processes after implementing CPOE.
Of the overrides of alerts in the stratified random subset based on nonexact drug/allergy matches, only 6% resulted in an adverse drug event, and none of these ADEs was preventable, since all of the overrides appeared clinically justifiable. Thus, the high override rate appears to be attributable primarily to excessive and inappropriate alerting, rather than to poor clinical judgment or to clinician disregard for allergy alerting. Weingart et al. 24 similarly found ADEs resulting from overridden alerts to be infrequent (none in a subset of 31 overridden alerts resulted in an ADE), and reviewers in that study agreed with the prescriber's override decision in almost every case (65 of 68 overrides). Results of these studies suggest that decreasing alerting of nonexact drug/allergy matches should be a safe strategy to reduce overalerting. The fact that the majority of ADEs in this study were narcotic-induced nausea or vomiting, which are not true allergic reactions, lends further support to this notion. Reducing overalerting is important because toofrequent false alerts to safety hazards not only waste clinicians' time, but also may cause truly important warnings to be overlooked or ignored. We have listed our recommended strategies for improving allergy alerting in Table 5 .
Limitations of this study include that the study period was short and the sample of medication orders analyzed was small compared with the total number entered into the Allergies vs. Sensitivities-Data about reactions should be coded, not free text. Collect coded data about both allergies and sensitivities/intolerances and be able to differentiate between them. Subsequent allergy alerts should specify the nature of the previously noted reaction and indicate whether this was a sensitivity or a true allergic reaction. Alerts-Display interruptive alerts only for true allergic reactions (not sensitivities) and make dangerous warnings (e.g., anaphylaxis) readily identifiable and easily distinguishable from less dangerous warnings (e.g., rash). Narcotics-When a clinician orders a narcotic, an interruptive alert should be generated only when the ordered drug is an exact match to the drug on the allergy list. In the case of nonexact matches, the previously documented reaction should be displayed in an informative but noninterruptive manner. Noninterruptive alerts may recommend increased monitoring or early use of premedications to prevent or ameliorate adverse symptoms. Sulfa Allergies-When a clinician orders a sulfonamide nonantibiotic in the context of a ''sulfa'' (sulfonamide antibiotic) allergy, either no alert should be generated or a noninterrruptive alert can be displayed warning the clinician that the patient may have an increased propensity to developing allergic reactions. However, the alert should not imply that there will be specific cross-reactivity between the sulfonamide antibiotic taken in the past and the sulfonamide nonantibiotic being ordered currently. Override Reasons and Consequent Actions-Override reasons should be selected from a menu of choices rather than entered as free text, to facilitate data analysis and updating of patient allergy lists. Selecting the override reasons ''Patient does not have this allergy/Tolerates'' or ''Patient taking already'' should automatically take the clinician to a screen that allows him or her to remove the drug from the allergy list. Organizations should audit override reasons on a regular basis to identify alerts that are not useful. Improving New Allergy Capture-Prompt clinicians to enter new allergies if it can be inferred that an allergic reaction may have occurred (e.g., certain instances when a new order for diphenhydramine has been written). Electronic Medical Records-EMRs eventually will decrease the need for multiple allergy lists in multiple locations. The goal should be a single, universal allergy list for each patient.
CPOE system each year. In addition, the rate of ADEs owing to administering alerted drugs may be overestimated since we did not use a control group to measure the baseline rate of ADEs resulting from nonalerted drug orders. Given the complex medical regimens and types of diseases in our patient population, it was difficult to determine whether ADEs were caused by the overridden drugs or to other drugs or the patients' disease states. Furthermore, the accuracy of the two-physician panel's judgments as to the justifiability of the physicians' overrides was reliant on the thoroughness of documentation in the patients' charts. Finally, this study was conducted within a single CPOE system, so the rates of overrides and ADEs may not be generalizable, although we feel that many of the lessons learned will be applicable to allergy alerting in other systems.
We found that overrides of drug allergy alerts were common, many were clinically justifiable, and few resulted in ADEs. The high rate of overrides is due in part to the current design of the allergy-checking protocol, which generates an excess of alerts with low predictive value for true drug allergies as well as to infrequent updating of patients' allergy lists. Based on our findings, we have made a number of specific recommendations which should improve the clinical utility of the allergy alerting functionality of CPOE systems; the effects of these recommendations on rates of overrides and ADEs should subsequently be evaluated. Future research that is needed includes similar analysis and refinement of other types of medication-related decision support, such as drugdrug interaction and drug-laboratory checking. We have shown that analyzing drug/allergy combinations that trigger alerts, clinicians' override reasons, and ADEs resulting from administration of alerted drugs is useful for identifying ways in which drug allergy alerting functions of CPOE systems can be improved.
